The experiments were carried out in 5 wt% (NH4)2EDTA solutions at pH 9.5, 38dc and various H2O2 concentrations. During the course of dissolution reaction samples were taken and the amount of dissolved copper was analyzed by atomic absorption spectrometer (Perkin Elmer 1100B).
III. RESULTS AND DISCUSSION Cu -> Cu2+ +2e ,
where HY3-represents the predominant EDTA anion species.
The effects of such oxidation agents as air, oxygen and H2O2 on the anodic dissolution reaction rate of Cu are given in The redox reactions can be described as follows (16) : H2 O2 -> 02+2H+ +2e ,
H202 + 2e -> 20H -. ( 4 ) Therefore, the concentration of H2O2 in a chemical cleaning solution should be higher than 1 wt% in order to maintain the OCP between -200 mV and 200 mV where the anodic dissolution of Cu occurs at a maximum rate but the anodic corrosions of the plant system materials such as carbon steel and Inconel 600 take place at a negligibly small rate.
At high H2O2 concentrations the Cu anodic current could not be directly measured by a polarization method due to the redox reaction of H2O2. Therefore Cu dissolution currents were estimated potentiostatically from the weight loss measurement and the results are given in Table 1 . The Cu dissolution currents at H2O2 free-solutions coincide with those by polarization curve. On the other hand, the Cu anodic currents at 1 wt% and 3 wt% H2O2 are higher than those by polarization curve at H2O2 -free solutions. The results indicate that the dissolution reaction rate of Cu in the presence of H2O2 is enhanced by a chemical reaction between Cu and H2O2.
Hence, the Cu polarization curves are shifted depending Fig. 2 Effects of oxidation agents as air, O2 and H2O2 on polarization behaviors of Cu in EDTA solution at pH 9.5 and 38dc on the concentration of H2O2.
Chemical Dissolution Kinetics
Dissolution reaction rate of Cu depends on mass transfer effect as well as chemical and electrochemical conditions. The reaction rate was much influenced up to several times by the degree of turbulence generated in the solution.
Therefore all the experiments was carried out at a static condition in order to simulate the condition of real chemical cleaning. The amount of dissolved Cu is directly proportional to the reaction time (Fig. 3) . This means that the experimental conditions such as pH, temperature and chemical concentrations keep constant during the each set of experiments.
The effect of H2O2 concentration on the dissolution rate of Cu is shown in Fig. 4 
where A is the surface area of Cu metal (cm2), V the reaction volume (l), KE is 1.0x10-5 mol.cm-2.min-1, Kc is -1.5 wt%-1 and KH is 1.9x10-6 mol.cm-2.min-1.wt%-1.
The cor- Through the experimental results about the Cu dissolution at the agitated condition with a magnetic stirrer (Series 400 HPS, VWR Scientific Co.), it was also found that up to 1,000 rpm, the KH remained unchanged while KE increased by about 50%.
IV. C ONCLUSION
From the Cu dissolution experiments in alkaline H2O2-EDTA solution, the following conclusions were obtained :
(1) From the electrochemical polarization behaviors of Cu, carbon steel and Inconel 600, the chemical cleaning condition in alkaline H2O2-EDTA solution is found to dissolve Cu at the maximum dissolution rate. The other plant system base metals are in the passivation condition where minimum corrosions were expected.
(2) At low H2O2 concentration, dissolution rate of Cu is determined by Cu anodic reaction and H2O2 cathodic reaction until the maximum Cu anodic reaction front is intersected by H2O2 cathodic reaction. On the other hand, at high H2O2 concentration dissolution rate of Cu is determined by the maximum Cu anodic reaction front which is shifted in the direction of increase in H2O2 concentration.
(3) The overall dissolution reaction of Cu can be expressed by the following experimental correlation equation in this experimental range based on the above reaction mechanisms :
